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OPTICAL MEMORY REPRODUCTION APPARATUS AND INCIDENCE 
POSITIONING METHOD FOR READ LIGHT THEREOF 

5 

Technical Field 
[0001] 

The present invention relates to an optical 
memory reproduction apparatus and an incidence 
10 positioning method for a read light thereof which 
cause a read light to accurately enter an optical 
memory medium when a read light which reproduces 
data from the optical memory medium travels while 
spreading in a core of the optical memory medium. 

15 

Background Art 
[0002] 

In recent years, in a field of mobile 
computing in particular, a demand for a memory 

20 which is formed compact, can be easily carried and 
has a large data capacity has been increased. A 
planar optical waveguide type optical memory using 
a planar optical waveguide as a data area can be 
increased in capacity by superimposing planar 

25 optical waveguides, and appears promising as a 
storage medium in future. Further, an optical 
memory reproduction apparatus which reproduces data 
from such a planar optical waveguide type optical 
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memory has been also studied in many ways. 
[0003] 

FIG.l is a view showing a configuration and a 
utilization mode of a conventional optical memory 
5 reproduction apparatus 1A. 
[0004] 

The optical memory reproduction apparatus 1A 
is an apparatus which reproduces data from an 
optical memory medium 2 formed by alternately 
10 superimposing a core 21 and a clad 22 constituting 
a planar optical waveguide . 
[0005] 

In data reproduction by the optical memory 
reproduction apparatus 1A, a light source 11 first 

15 emits a collimated laser light 1 toward an end 
surface 200 of the optical memory medium 2. 
Further, a condenser lens 12 condenses a part of 
the laser light 111 into a dot -like or a circular 
pattern, thereby generating a read light 103 which 

20 travels in a direction of the optical memory medium 
2. 

[0006] 

When the read light 103 reaches the end 
surface 200 of the optical memory medium 2, a part 
25 of this light enters the core 21. A data image 203 
obtained by two-dimensionally recording data by 
using a scattering factor is written in an optical 
coupling area 2103 where the core 21 is coupled 



3 



with the read light 103. The scattering factor 
expressing the data image 203 is formed as, e.g., 
irregularities on an interface between the core 21 
and the clad 22 or a change in refraction index of 
5 the core 21 in the core 21. 
[0007] 

When the read light 103 is coupled in the 
optical coupling area 2103, the read light 103 
scatters and interferes by the data image 203, and 

10 exits as a data reproduction light 1031 to the 
outside of the optical memory medium 2 from the 
interface between the core and the clad or the 
inside of the core where the scattering factor is 
formed through the clad. 

15 [0008] 

Then, the data reproduction light 1031 is 
imaged by an imaging element 133, and a data 
reproducing section 14 reproduces data based on an 
obtained reproduction image. 
20 [0009] 

In order to reproduce data stored in the 
optical memory medium without an error by using the 
optical memory reproduction apparatus 1A, a read 
light must be caused to accurately enter a target 
25 core. 
[0010] 

It is to be noted that the detail of 
positioning of the read light is described in 
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Japanese Patent Application Laid-open No. 2003- 

51122. 

[0011] 

However, the content of Japanese Patent 
5 Application Laid-open No. 2003-51122 is an example 
using a zonal read light which does not spread in 
the core, and it cannot be applied to positioning 
of a read light which travels while spreading in a 
core, e.g., a read light which is condensed toward 
io a focal point and spreads from the focal point. As 
a result, when a spreading read light is used, 
positioning of this light cannot be carried out, 
and realization of such an optical memory 
reproduction apparatus is obstructed. 

15 

Disclosure of Invention 
[0012] 

In view of the above -described problems in the 
prior art, it is an object of the present invention 

20 to provide an optical memory reproduction apparatus 
and a positioning method for a read light thereof 
which allow a read light to accurately enter a core 
when the read light which reproduces data from an 
optical memory medium travels while spreading in 

25 the core of the optical memory medium. 
[0013] 

To achieve this object, according to the 
present invention concerning a first aspect, there 
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is provided an optical memory reproduction 
apparatus which reproduces data from an optical 
memory medium comprising: cores each of which 
constitutes a planar optical waveguide; and clads 
5 which sandwich each core, and having: a data image 
in which data is recorded as a scattering factor; 
and a pair of positioning marks which are 
respectively scattering factors required for 
positioning, at an interface between a core and a 

10 clad or in the core, the optical memory 
reproduction apparatus comprising: a light source 
which emits: a read light which is caused to enter 
the core from an end surface of the optical memory 
medium, travels while spreading in the core, and is 

15 coupled with the core to form an optical coupling 
area in such a manner that the optical coupling 
area includes the data image; and a pair of 
positioning lights which are caused to enter the 
core with offsets with respect to the read light in 

20 opposite directions along a thickness direction of 
the core, travels in the core, and are coupled with 
the core to form optical coupling areas in such a 
manner that the optical coupling areas include the 
pair of positioning marks; a data reproduction 

25 light imaging element which receives a data 
reproduction light generated due to scattering and 
interference of the read light in the data image; a 
data reproducing unit which reproduces data imaged 
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by the data reproduction light imaging element; a 
positioning mark light receiving element which 
receives a pair of positioning mark lights 
generated due to scattering and interference of the 
5 pair of positioning lights in the pair of 
positioning marks; and a light source position 
control unit which controls an incidence position 
of the read light with respect to the core in the 
thickness direction thereof based on intensities of 
10 the pair of positioning mark lights detected by the 
positioning mark light receiving element. 
[0014] 

According to the present invention concerning 
a second aspect, in the present invention 
15 concerning the first aspect, a condensing pattern 
of each positioning light is a dot-like shape or a 
circular shape . 
[0015] 

According to the present invention concerning 
20 a third aspect, in the present invention concerning 
the first aspect, the light source alternately 
emits the pair of positioning lights in a time- 
sharing manner. 
[0016] 

25 Furthermore, to achieve the above-described 

object, according to the present invention 
concerning a fourth aspect, there is provided an 
optical memory reproduction apparatus which 
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reproduces data from an optical memory medium 
comprising: cores each of which constitutes a 
planar optical waveguide ; and clads which sandwich 
each core, and having: a pair of data images in 
5 which the data is recorded as a scattering factor; 
and a pair of positioning marks which are 
respectively scattering factors required for 
positioning, at an interface between a core and a 
clad or in the core, the optical memory 

10 reproduction apparatus comprising: a light source 
which emits a pair of positioning/read lights which 
are caused to enter the core from an end surface of 
the optical memory medium at different positions in 
a thickness direction of the core, travel while 

15 spreading in the core, and are coupled with the 
core to form optical coupling areas in such a 
manner that the optical coupling areas respectively 
include the pair of data images and the pair of 
positioning marks ; a data reproduction light 

20 imaging element which receives a pair of data 
reproduction lights generated due to scattering and 
interference of the pair of positioning/read lights 
in the pair of data images; a data reproducing unit 
which reproduces data imaged by the data 

25 reproduction light imaging element; a positioning 
mark light receiving element which receives a pair 
of positioning mark lights generated due to 
scattering and interference of the pair of 



8 



positioning/read lights in the pair of positioning 
marks; and a light source position control unit 
which controls incidence positions of the pair of 
positioning/read lights with respect to the core in 
5 the thickness direction thereof based on 
intensities of the pair of positioning mark lights 
detected by the positioning mark light receiving 
element . 
[0017] 

10 According to the present invention concerning 

a fifth aspect, in the present invention concerning 
the fourth aspect, a condensing pattern of each 
positioning/read light is a dot -like shape or a 
circular shape . 

15 [0018] 

According to the present invention concerning 
a sixth aspect, in the present invention concerning 
the fourth aspect, the light source alternately 
emits the pair of positioning/read lights in a 
20 time -sharing manner. 
[0019] 

Moreover, to achieve the above-described 
object, according to the present invention 
concerning a seventh aspect, there is provided an 
25 optical memory reproduction apparatus which 
reproduces data from an optical memory medium 
comprising: cores each of which constitutes a 
planar optical waveguide; and clads which sandwich 



each core, and having: a data image in which data 
is recorded as a scattering factor; and a pair of 
positioning marks which are respectively scattering 
factors required for positioning, at an interface 
5 between a core and a clad or in the core, the 
optical memory reproduction apparatus comprising: a 
light source which emits a positioning/read light 
which has a elliptic or rectangular cross section, 
is caused to enter the core from an end surface of 

10 the optical memory medium at an angle by which a 
longitudinal direction of the cross section is not 
parallel with the interface, travels while 
spreading in the core, and is coupled with the core 
to form an optical coupling area in such a manner 

15 that a central portion of the optical coupling area 
includes the data image and both end portions of 
the optical coupling area includes the pair of 
positioning marks; a data reproduction light 
imaging element which receives a data reproduction 

20 light generated due to scattering and interference 
of the positioning/read light in the data image ; a 
data reproducing unit which reproduces data imaged 
by the data reproduction light imaging element; a 
positioning mark light receiving element which 

25 receives a pair of positioning mark lights 
generated due to scattering and interference of the 
positioning/read light in the pair of positioning 
marks; and a light source position control unit 
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which controls an incidence position of the 
positioning/read light with respect to the core in 
a thickness direction thereof based on intensities 
of the pair of positioning mark lights detected by 
5 the positioning mark light receiving element. 
[0020] 

According to the present invention concerning 
an eighth aspect, in the present invention 
concerning the first, second or seventh aspect, the 

10 light source position control section compares the 
intensities of the pair of positioning mark lights 
with each other, determines a movement direction of 
the light emitted from the light source and moves 
the light in accordance with a result of the 

15 comparison, and controls the incidence position of 
the light emitted from the light source in such a 
manner that an intensity difference becomes zero. 
[0021] 

Additionally, to achieve the above-described 
20 object, according to the present invention 
concerning a ninth aspect , there is provided an 
incidence positioning method for a read light in an 
optical memory reproduction apparatus applying the 
read light which travels while spreading to a core 
25 portion on an end surface of an optical memory 
medium comprising cores each of which constitutes a 
planar optical waveguide and clads which sandwich 
each core and having a data image in which data is 
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recorded as a scattering factor and a pair of 
positioning marks which are respectively scattering 
factors required for positioning, at an interface 
between a core and a clad or in the core, the read 
5 light being coupled with the core to form an 
optical coupling area in such a manner that the 
optical coupling area includes the data image, the 
optical memory reproduction apparatus reproducing 
data based on a data reproduction light generated 

10 due to scattering and interference of the read 
light in the data image, the incidence positioning 
method comprising: causing a pair of positioning 
lights to enter the end surface of the optical 
memory medium in such a manner that the pair of 

15 positioning lights have offsets with respect to the 
read light in opposite directions along a thickness 
direction of the core; forming an optical coupling 
area by coupling of the pair of positioning lights 
which have entered the core with the core in such a 

20 manner that the optical coupling area includes the 
pair of positioning marks; receiving by a 
positioning mark light receiving element a pair of 
positioning mark lights generated due to scattering 
and interference of the pair of positioning lights 

25 in the pair of positioning marks; and controlling 
an incidence position of the read light emitted 
from the light source with respect to the core in a 
thickness direction thereof based on intensities of 
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the pair of positioning mark lights which have 
entered the positioning mark light receiving 
element . 
[0022] 

According to the present invention concerning 
a 10th aspect, in the present invention concerning 
the ninth aspect, a condensing pattern of each 
positioning light is a dot -like shape or a circular 
shape . 
[0023] 

According to the present invention concerning 
an 11th aspect, in the present invention concerning 
the ninth aspect, the pair of positioning lights 
are alternately emitted in a time- sharing manner. 
[0024] 

Further, to achieve the above -described object, 
according to the present invention concerning a 
12th aspect, there is provided an incidence 
positioning method for a pair of positioning/read 
lights in an optical memory reproduction apparatus 
applying the pair of positioning/read lights which 
travel while spreading to a core portion on an end 
surface of an optical memory medium comprising 
cores each of which constitutes a planar optical 
waveguide and clads which sandwich each core and 
having a pair of data images in which data is 
recorded as a scattering factor and a pair of 
positioning marks which are respectively scattering 



factors required for positioning, at an interface 
between a core and a clad or in the core, the pair 
of positioning/read lights being coupled with the 
core to form optical coupling areas in such a 
5 manner that the optical coupling areas include the 
pair of data images, the optical memory 
reproduction apparatus reproducing data based on a 
pair of data reproduction lights generated due to 
scattering and interference of the pair of 

10 positioning/read lights in the pair of data images, 
the incidence positioning method comprising: 
forming optical coupling areas by coupling the pair 
of positioning/read lights which have entered the 
core with the core in such a manner that the 

15 optical coupling areas include the pair of 
positioning marks is included; receiving by 
positioning mark light receiving element a pair of 
positioning mark lights generated by scattering and 
interference of the pair of positioning/read lights 

20 in the pair of positioning marks; and controlling 
incidence positions of the pair of positioning/read 
lights emitted from the light source with respect 
to the core in a thickness direction thereof based 
on intensities of the pair of positioning mark 

25 lights which have entered the positioning mark 
light receiving element . 
[0025] 

According to the present invention concerning 



a 13th aspect, in the present invention concerning 
the 12th aspect, a condensing pattern of each 
positioning/read light is a dot-like shape or a 
circular shape . 
5 [0026] 

According to the present invention concerning 
a 14th aspect, in the present invention concerning 
the 12th aspect, the pair of positioning/read 
lights are alternately emitted in a time- sharing 
10 manner. 
[0027] 

Furthermore, to achieve the above-described 
object, according to the present invention 
concerning a 15th aspect, there is provided an 

15 incidence positioning method for a positioning/read 
light in an optical memory reproduction apparatus 
applying the positioning/read light which has an 
elliptic or rectangular cross section and travels 
while spreading to a core portion on an end surface 

20 of an optical memory medium at an angle by which a 
longitudinal direction of the cross section is not 
parallel with an interface between a core and a 
clad, the optical memory medium comprising cores 
each of which constitutes a planar optical 

25 waveguide and clads which sandwich each core and 
having a data image in which data is recorded as a 
scattering factor and a pair of positioning marks 
which are respectively scattering factors required 
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for positioning at the interface between the core 
and the clad or in the core, the positioning/read 
light being coupled with the core to form an 
optical coupling area in such a manner that the 
5 optical coupling area includes the data image, the 
optical memory reproduction apparatus reproducing 
data based on a data reproduction light generated 
due to scattering and interference of the 
positioning/read light in the data image, the 

10 incidence positioning method comprising: forming 
the optical coupling area by coupling the 
positioning/read light which has entered the core 
with the core in such a manner that both end 
portions of the optical coupling area include the 

15 pair of positioning marks; receiving by a 
positioning mark light receiving element a pair of 
positioning mark lights generated due to scattering 
and interference of the positioning/read light in 
the pair of positioning marks; and controlling an 

20 incidence position of the positioning/read light 
emitted from the light source with respect to the 
core in a thickness direction thereof based on 
intensities of the pair of positioning mark lights 
which have entered the positioning mark light 

25 receiving element. 
[0028] 

According to the present invention concerning 
a 16th aspect, in the present invention concerning 



the ninth, 12th or 15th aspect, the step of 
controlling a position of the light source compares 
the intensities of the pair of positioning mark 
lights with each other, determines a movement 
5 direction of the light emitted from the light 
source and moves the light in accordance with a 
result of the comparison, and controls the 
incidence position of the light emitted from the 
light source in such a manner that an intensity 
10 difference becomes zero. 

Brief Description of Drawings 
[0029] 

FIG.l is a view showing a configuration and a 
15 utilization mode of a conventional optical memory 
reproduction apparatus 1A; 

FIG . 2 is a view showing a configuration and a 
utilization mode of an optical memory reproduction 
apparatus 1 to which the present invention is 
20 applied; 

FIG. 3 is views showing an end surface of an 
optical memory medium from a condenser lens; 

FIG. 4 is views showing each optical coupling 
area, each positioning mark and a data image from a 
25 clad side; 

FIG. 5 is a view showing levels of positioning 
mark signals, a level of a difference signal and a 
level of a data reproduction signal at the time of 
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scanning; 

FIG. 6 is a view showing a processing procedure 
of a light source lens moving mechanism control 
section when the optical memory reproduction 
5 apparatus performs positioning; 

FIG. 7 is a view showing exiting directions of 
a positioning mark light or a data reproduction 
light when an imaging element is provided at the 
same position ; 

10 FIG. 8 is a view showing a configuration and a 

utilization mode of the apparatus when a 
positioning light is used as a read light; 

FIG. 9 is a view showing an end surface of the 
optical memory medium from the condenser lens when 

15 the positioning light is used as the read light, 
and a view showing each optical coupling area, each 
positioning mark and each data image from the clad 
side in such a case; 

FIG. 10 is a view showing a level of a 

20 difference signal and a light intensity of each 
data reproduction signal when the positioning light 
is used as the read light; 

FIG. 11 is a view showing the optical coupling 
area from the clad side when a single read light is 

25 used; 

FIG. 12 is a view showing the end surface of 
the optical memory medium from the condenser lens 
when the single read light is used; and 
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FIG. 13 is views showing incidence positions 
and light intensity distributions in the core when 
the single read light is used. 

5 Best Mode for Carrying out the Invention 
[0030] 

An embodiment according to the present 
invention will now be described hereinafter with 
reference to the accompanying drawings . 
10 [0031] 

FIG. 2 is a view showing a configuration and a 
utilization mode of an optical memory reproduction 
apparatus 1 to which the present invention is 
applied. It is to be noted that like reference 
15 numerals denote parts which are functionally equal 
to the constituent elements of the optical memory 
reproduction apparatus 1A. 
[0032] 

The optical memory reproduction apparatus 1 is 
20 an apparatus which reproduces stored data from an 
optical memory medium 2 formed by alternately 
superimposing cores 21 and clads 22 in, e.g., a 
vertical direction as shown in FIG. 2. A thickness 
of the core 21 is, e.g., slightly smaller than 
2 5 approximately 2 ^im. 
[0033] 

The optical memory reproduction apparatus 1 
comprises a light source 11 which emits a laser 



light 111 toward an end surface 200 of the optical 
memory medium 2. Further, this apparatus also 
comprises a condenser lens 12 which condenses the 
laser light 111 between the light source 11 and the 
5 optical memory medium 2. 
[0034] 

The condenser lens 12 condenses a part of the 
laser light 111 into a dot -like or circular pattern 
to generate a positioning light 101. Likewise, the 

10 condenser lens 12 generates a positioning light 102 
and a read light 103. It is to be noted that the 
positioning lights 101 and 102 are used to 
determine an optimum incidence position of the read 
light 103. 

15 [0035] 

A focal point of each of the positioning 
lights 101 and 102 and the read light 103 is 
positioned on the end surface 200 of the optical 
memory medium 2 . When each light falls on an end 

20 surface of one core 21 (which will be simply 
referred to as a core 21 hereinafter) , a part of 
this light enters the core 21. The incident light 
is shut in the core 21 by the respective clads 22 
which are in contact with the both upper and lower 

25 sides of the core 21, and travels while spreading. 
It is to be noted that the light in the core 21 is 
called a guided wave or the like. 
[0036] 
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Although optical axes of the positioning 
lights 101 and 103 and the read light 103 cross 
each other in FIG. 2, these optical axes do not have 
to cross each other. It is possible to adopt a 
5 configuration in which the optical axes of the 
respective lights are parallel with each other. 
[0037] 

FIG. 3 is views showing the end surface 200 of 
the optical memory medium 2 from the condenser lens 
10 12 . 

[0038] 

The optical axes 101a to 103a of the 
positioning lights 101 and 103 and the read light 
103 shown in FIG. 3 (a) are parallel with each 
15 interface 211 between the core 21 and the clad 22. 
[0039] 

Further, the optical axis 101a of the 
positioning light 101 is offset (displaced) with 
respect to the optical axis 103a of the read light 

20 103 in a thickness direction of the core 21. 
Furthermore, it is also offset in a direction 
parallel to the interface 211 (which is, e.g., a 
right-and-left direction in FIG. 3 and will be 
simply referred to as an "interface direct ion " 

25 hereinafter) . 
[0040] 

Moreover, the optical axis 102a of the 
positioning light 102 is offset with respect to the 



21 



optical axis 103a of the read light 103 in the 
thickness direction of the core 21 and also in a 
direction opposite to the offset direction of the 
optical axis 101a by the same amount. Additionally, 
5 it is also offset in the interface direction and in 
a direction opposite to the offset direction of the 
optical axis 101a. 
[0041] 

It is to be noted that the offset in the 
10 interface direction may not be provided as shown in 
FIG. 3(b) . 
[0042] 

FIG. 4 is views showing respective optical 
coupling areas in which the positioning lights 101 
15 and 102 , the read light 103 and the core 21 are 
coupled, and positioning marks and data images 
written in the respective areas from the upper clad 
22 side. 
[0043] 

20 FIG. 4 (a) shows an example of the optical 

memory reproduction apparatus 1 depicted in FIG. 2, 
and FIG. 4(b) shows an example where there is no 
offset in the interface direction for reference. 
[0044] 

25 It is to be noted that, in a conformation in 

which the positioning lights 101 and 102 and the 
read light are independent from each other like the 
present embodiment, the positioning lights 101 and 
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102 do not necessarily have to be lights which 
spread in the core as shown in FIG. 4(b). 

[0045] 

In the core 21 , there are an optical coupling 
5 area 2101 in which the positioning light 101 alone 
is coupled, an optical coupling area 2102 in which 
the positioning light 102 alone is coupled and an 
optical coupling area 2103 in which the read light 
10 3 alone is coupled. Such areas can be provided 
10 by the configuration of the condenser lens 12. 
[0046] 

It is to be noted that an optical coupling 
area in which two or all lights are coupled may be 
provided in addition to these optical coupling 
15 areas. For example, an optical coupling area in 
which the positioning light 101 and the read light 

103 are both coupled may exist between the optical 
coupling area 2101 and the optical coupling area 
2103. 

20 [0047] 

A positioning mark 201 which is a scattering 
factor required for positioning of the read light 
103 is provided at the interface between the core 
and the clad or in the core in the optical coupling 
25 area 2101 and, when the positioning light 101 is 
coupled in the optical coupling area 2101, the 
positioning mark 201 causes scattering and 
interference of the positioning light 101, and the 



positioning light 101 exits as a positioning mark 
light 1011 to the outside the optical memory medium 
2 from the interface between the core and the clad 
or the inside of the core where the scattering 
5 factor is formed through the clad 22. 
[0048] 

The same positioning mark 202 as the 
positioning mark 201 is provided at the interface 
between the core and the clad or in the core of the 

10 optical coupling area 2102 and, when the 
positioning light 102 is coupled in the optical 
coupling area 2102, the positioning light 102 
scatters and interferes by the positioning mark 202, 
and exits as a positioning mark light 1021 to the 

15 outside of the optical memory medium 2 from the 
interface between the core and the clad or the 
inside of the core where the scattering factor is 
formed through the clad 22. 
[0049] 

20 Data is two-dimensionally recorded on the 

interface between the core and the clad or in the 
core of the optical coupling area 2103 by the 
scattering factor. This recorded data (the 

scattering factor) is referred to as a data image 

25 203. When the read light 103 is coupled in the 
optical coupling area 2103, the read light 103 
scatters and interferes by the data image 203, and 
exits to the outside of the optical memory medium 2 
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from the core 21 through the clad 22 as a data 

reproduction light 1031. 

[0050] 

It is to be noted that a shape or a size of 
5 the positioning marks 201 and 202 and the data 
image is arbitrary* 
[0051] 

Further, as shown in FIG- 2, the optical memory 
reproduction apparatus 1 comprises an imaging 

10 element 131 which images the positioning mark light 
1011 and formed of a CCD (Charge Coupled Device) or 
a CMOS (Complementary Metal Oxide Semiconductor) 
(which is the same in other imaging elements), an 
imaging element 132 which images the positioning 

15 mark light 1021, and an imaging element 133 which 
images the data reproduction light 1031. 
Furthermore, the optical memory reproduction 
apparatus 1 comprises a data reproducing unit 14 
which reproduces data based on a data reproduction 

20 signal 13 3a including a reproduced image obtained 
by the imaging element 133. 
[0052] 

Moreover, the optical memory reproduction 
apparatus 1 comprises a light source lens moving 
25 mechanism 15 which moves the light source 11 and 
the condensing lens 12 in a thickness direction of 
the core 21 without changing a relative position of 
these members. The light source lens moving 
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mechanism 15 enables scanning in the thickness 
direction of the core 21 while applying the 
positioning lights 101 and 102 and the read light 
103 to the end surface 200 of the optical memory 
5 medium 2 while maintaining a relative position of 
the respective lights constant. 
[0053] 

Additionally, the optical memory reproduction 
apparatus 1 comprises a light source lens moving 

10 mechanism control unit 16 which monitors a change 
in a light intensity of the positioning mark light 
1011 detected by the imaging element 131 and a 
light intensity of the positioning mark light 1021 
detected by the imaging element 132 and controls 

15 the light source lens moving mechanism 15 by an 
electrical signal . 
[0054] 

An operation of the optical memory 
reproduction apparatus 1 will now be described, 
20 [0055] 

Here, it is assumed that scanning is performed 
in the thickness direction of the core 21 while 
applying the positioning light 101 and 102 and the 
read light 103 to the end surface 200 of the 
25 optical memory medium 2 by moving the light source 
11 and the condenser lens 12 in the thickness 
direction of the core 21 indicated by an arrow Al 
in FIG. 2 by the light source lens moving mechanism 
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15. 

[0056] 

FIG. 5 is a view showing levels of positioning 
mark signals 131a and 1332a respectively generated 
5 by the imaging elements 131 and 132 , a level of a 
difference signal obtained by subtracting the 
former from the latter, and a level of a data 
reproduction signal 133a generated by the imaging 
element 133. 
10 [0057] 

The imaging elements 131 and 132 output the 
positioning mark signals 131a and 132a having 
levels corresponding to a light intensity 
(brightness) of a reproduced image obtained by each 

15 of these elements. When the light source lens 
moving mechanism control unit 16 moves the light 
source 11 and the condenser lens 12 and each 
positioning light is scanned from, e.g., an upper 
side toward a lower side in FIG. 2 along the 

20 thickness direction of the score 21, the 
positioning mark signal 132a is first output, then 
takes the maximum value at a given position and is 
thereafter reduced. When scanning is further 

performed, the positioning mark signal 131a is 

25 output this time, then takes the maximum value at a 
given position, and is thereafter reduced. 
[0058] 

Further, although the imaging element 133 
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outputs the data reproduction signal 133a having a 
level corresponding to a light intensity of a 
reproduced image obtained by this element , the 
level of the data reproduction signal 133a becomes 
5 maximum by positioning an optical axis 103a of the 
read light 103 at the center in the thickness 
direction of the core 21. In order to realize this, 
it is good enough to execute the position control 
at a position where reproduced images having the 

10 same brightness can be obtained by the both imaging 
elements 131 and 132, and hence performing the 
feedback control in such a manner that the 
positioning mark signal 131a and the positioning 
mark signal 132a have the same level can suffice. 

15 In reality, the optical memory reproduction 
apparatus 1 performs the control in such a manner 
that the difference signal of these signals 
indicate 0. 
[0059] 

20 FIG. 6 is a view showing a processing procedure 

of the light source lens moving mechanism control 
unit 156 when the optical memory reproduction 
apparatus 1 effects positioning. The light source 
lens moving mechanism control unit 16 comprises a 

25 central processing unit which performs processing 
based on a computer program. 
[0060] 

The optical memory reproduction apparatus 1 



monitors a change in light intensity of each 
positioning mark light and determines an incidence 
position. Upon receiving a positioning command 
when, e.g., a power supply is turned on, the 
5 optical memory reproduction apparatus 1 first 
positions the light source 11 and the condenser 
lens 12 (step SI) . 
[0061] 

At this time, the feedback control using the 
10 positioning mark signals 131a and 132a is not 
performed, and the light source 11 and the 
condenser lens 12 are moved from standby positions 
by a preset distance. That is because lamination 
intervals of the optical memory medium 2 are 
15 substantially fixed and known, how much these 
members should be moved from positions when the 
core 21 is in the standby mode can be previously 
calculated. 
[0062] 

20 Subsequently, the light source lens moving 

mechanism control unit 16 obtains a difference 
level obtained by subtracting a level of the 
positioning mark signal 131a from a level of the 
positioning mark signal 132a (step S2). Here, if 

25 the difference level > 0 is achieved, as shown in 
FIG. 5, incidence positions of the positioning 
lights 101 and 102 and the read light 103 are too 
high, and hence an irradiation position of a light 
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emitted from the light source 1 is moved down (step 

S3) . 

[0063] 

On the other hand, if the difference level < 0 
5 is achieved, as shown in FIG. 5, incidence positions 
of the positioning lights 101 and 102 and the read 
light 103 are too low, and hence an irradiation 
position of the light emitted from the light source 
11 is moved up (step S4). In this manner, since 

10 the optical axis 103a of the read light 103 is 
positioned at the center of the core 21 if the 
difference level = 0 is achieved, a command for 
reproduction of data is issued to the data 
reproduction unit 14 (step S5). The data 

15 reproduction unit 14 which has accepted the command 
reproduces data by using the data reproduction 
signal 133a. 
[0064] 

It is to be noted that the difference level = 
20 0 is likewise achieved when the three lights all do 
not enter the core 21, but a reproduced image by 
the imaging element 133 cannot be obtained in such 
a case, and hence it can be understood that 
incidence positions are inappropriate. If it is 
25 revealed that these positions are inappropriate, 
the positions can be readjusted in such a manner 
that a reproduced image by the imaging element 133 
can be obtained. 



30 



[0065] 

Furthermore, at least two of the imaging 
elements 131 to 133 may be provided at the same 
position. As shown in FIG. 7, if these members are 
5 provided at the same position, the imaging elements 
provided at the same position can be reduced in 
size by inclining exiting directions of the 
positioning mark lights 1011 and 1021 or the data 
reproduction light 1031 from directions vertical to 
10 the interface 211. 
[0066] 

Moreover, a condensing pattern of each of the 
positioning lights 101 and 102 and the read light 
103 is not restricted to a dot-like shape or a 

15 circular shape, and it may be a zonal shape, an 
elliptic shape or a rectangular shape. 
Incidentally, in case of a zonal shape or an 
elliptic shape, it is preferable that the 
longitudinal direction matches with the interface 

20 direction or the thickness direction of the core. 
[0067] 

Additionally, the positioning lights 101 and 
102 may be alternately generated in a time- sharing 
manner. In this case, although the positioning 
25 mark signals 131a and 132a cannot be simultaneously 
obtained, a difference level can be detected by 
storing levels of these signals in a memory, and 
the difference level can be controlled to be zero. 
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[0068] 

Further, as shown in FIGS. 8 and 9, one 
positioning light 101 can be used as the read light 
103 for data reproduction, and the other 
5 positioning light 102 can be likewise used as the 
read light 103 for data reproduction. By this 
configuration, the condenser lens 12 can be 
simplified. It is to be noted that FIG. 8 is a view 
for comparison with FIG . 2 , FIG .9(a) is a view for 
10 comparison with FIG. 3, and FIG. 9(b) is a view for 
comparison with FIG. 4. 
[0069] 

That is, a part of data is two-dimensionally 
recorded as a data image 2011 at the interface 

15 between the core and the clad or in the core of the 
optical coupling area 2101, and the remaining data 
is recorded as a data image 2012 at the interface 
between the core and the clad or in the core of the 
optical coupling area 2102. 

20 [0070] 

When the positioning lights 101 and 102 are 
respectively coupled in the optical coupling areas 
2101 and 2102, the positioning lights scatter and 
interfere by the data images 2011 and 2012, and 
25 exit as data reproduction lights 1012 and 1022 to 
the outside of the optical memory medium 2 from the 
interface between the core and the clad or the 
inside of the core where the scattering factor is 



formed through the clad 22. Then, the imaging 
element 133 images the data reproduction lights 
1012 and 1022, and the data reproducing unit 14 
reproduces data from the respective obtained 
5 reproduced images . 
[0071] 

It is to be noted that, when scanning is 
performed by applying the positioning lights 101 
and 102 to the end surface 200 of the optical 

10 memory medium 2, light intensities of the data 
reproduction lights 1012 and 1022 show the same 
tendency as that of the positioning mark signals 
131a and 132a, and hence light intensities 
(indicated by an arrow A2) of the data reproduction 

15 lights 1012 and 1022 when a difference between the 
positioning mark signals 131a and 132a becomes zero 
as shown in FIG. 10 have a value smaller than the 
maximum value, but it is good enough for this value 
to be used for data reproduction of the data images 

20 2011 and 2012. 
[0072] 

Further, although the description has been 
given as to the example where the positioning 
lights 101 and 102 respectively have an offset in 
25 the interface direction in FIGS. 8 to 10, the offset 
in the interface direction does not have to exist 
as shown in FIG. 3(b) or FIG. 4(b). 
[0073] 



Meanwhile, when the two positioning lights 101 
and 102 are used to perform positioning and the 
read light is solely provided for data reproduction, 
the three lights in total are used in the foregoing 
5 embodiment, but the functions of the respective 
lights can be achieved by the single read light as 
follows . 
[0074] 

The condenser lens 12 first generates as a 
10 single read light a read light 104 whose condensing 
pattern has a zonal shape or an elliptic shape and 
which has an optical axis parallel to an interface 
211 of the core 21. The read light 104 has a focal 
point on the end surface 200 of the optical memory 
15 medium 2 and, when a part of the read light 104 
enters the core 21, this light travels in the core 
while spreading in the interface direction as shown 
in FIG. 11. Therefore, an optical coupling area 
2104 in which the read light 104 and the core 21 
20 are coupled is formed . 
[0075] 

Furthermore, as shown in FIG. 12, by inclining 
the read light 104 around the optical axis thereof, 
one end portion of the read light 104 is offset in 
25 the thickness direction of the core 21. Moreover, 
by inclining the read light around the optical axis 
in this manner, the other end portion of the read 
light 104 is offset in the thickness direction of 
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the core 21 and in the direction opposite to the 
offset direction of one end portion by the same 
quantity. Therefore, one end portion of the read 
light 104 corresponds to, e.g., the positioning 
5 light 101 , the other end portion of the same 
corresponds to the positioning light 102, and a 
central portion of the read light 104 including the 
optical axis corresponds to the read light 103. 
[0076] 

io Therefore, in place of the three lights used 

in the optical memory reproduction apparatus 1, 
this read light 104 is applied, one end portion of 
the read light 104 is handled as, e.g., the 
positioning light 101, the other end portion of the 

15 read light 104 is handled as the positioning light 
102, and the central portion of the read light 104 
is handled as the read light 103, thereby obtaining 
the same effects and advantages as those obtained 
when the three lights are used. 

20 [0077] 

It is to be noted that FIG. 13 is views showing 
light intensity distributions of the read light 104 
in a cross section taken along a line BB' of FIG. 11, 
and reference character C notes a position 
25 corresponding to the optical axis of the read light 
104. 
[0078] 

As shown in FIG. 13 (a), in cases where the read 
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light 104 is scanned, when the optical axis is 
placed at (above) the position deviating from the 
center in the thickness direction of the core 21, 
for example, a right end portion of the read light 
5 104 is aboundingly coupled with the core 21, and 
hence a distribution of a light intensity is high 
on, e.g., the right side of the optical axis. 
Moreover, when the optical axis of the read light 
104 is placed at the center in the thickness 

10 direction of the core 21 as shown in FIG. 13(b), the 
distribution of the light intensity becomes 
symmetrical with the optical axis at the center. 
Additionally, when the optical axis is placed at 
(below) a position deviating from the center in the 

15 thickness direction of the core 21, for example, a 
left end portion of the read light 104 is 
aboundingly coupled with the core 21, and hence the 
distribution of the light intensity is high on, 
e.g., the left side of the optical axis. 

20 [0079] 

Although the light intensity shows the 
continuous distribution in this manner, it is 
apparent that the positioning mark signal 131a 
reproduced by the positioning mark 201 provided in 
25 the area (corresponding to the optical coupling 
area 2101) where one (left) end portion of the read 
light 104 is coupled with the core 2 changes as 
shown in FIG. 5. Further, it is obvious that the 
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positioning mark signal 132a reproduced by the 
positioning mark 202 provided in the area 
(corresponding to the optical coupling area 2102) 
where one (right) end portion of the read light 104 
5 is coupled with the core 21 also changes as shown 
in FIG. 5. Furthermore, it is clear that the data 
reproduction signal 133a reproduced by the data 
image 203 provided in the area (corresponding to 
the optical coupling area 2103) where the central 
10 portion of the read light 104 is coupled with the 
core 21 also changes as shown in FIG. 5. 
[0080] 

Therefore, even if the read light 104 is used, 
the optical axis of the read light 104 can be 
15 positioned at the center in the thickness direction 
of the core 21 by the processing shown in FIG. 6. 
[0081] 

As described above, according to the optical 
memory reproduction apparatus and the incidence 

20 positioning method for the read light of this 
embodiment, when the read light which is used to 
reproduce data from the optical memory medium 
travels while spreading in the core of the optical 
memory medium, the read light is caused to 

25 accurately enter the core, thereby reproducing the 
data without any error. Therefore, wobbling or the 
like is no longer necessary, and the optical memory 
reproduction apparatus using the read light which 
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spreads in the interface direction can be realized. 
[0082] 

It is to be noted that the description has 
been given as to the technique concerning one core 
21 in the foregoing embodiment, but it is needless 
to say that this technique can be applied to all 
the cores 21 constituting the optical memory medium 
2. 

[0083] 

Moreover, the example in which the positioning 
mark lights 1011 and 1021 are imaged by the imaging 
elements 131 and 132 has been described in the 
foregoing embodiment. However, any light receiving 
element can be used as long as this element can 
detect intensities of the positioning mark lights 
1011 and 1021 and, for example, a photodiode (PD) 
or the like can be used in place of each of the 
imaging elements 131 and 132. 
[0084] 

Additionally, in the foregoing embodiment, 
there is used the mechanism 15 which moves the 
light source 11 and the condenser lens 12 in the 
thickness direction of the core 21 without changing 
a relative position of these members. However, the 
relative position of the light source 11 and the 
condenser lens 12 does not have to be fixed if an 
incidence position of a light emitted from the 
light source 11 with respect to the core 21 in the 
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thickness direction thereof can be changed, and a 
mechanism which moves one of the light source 11 
and the condenser lens 12 can be also used. 

5 Industrial Applicability 
[0085] 

According to the optical memory reproduction 
apparatus and the read light positioning method of 
the present invention, when the read light which is 
io used to reproduce data from the optical memory 
medium travels while spreading in the core of the 
optical memory medium, the read light can be caused 
to accurately enter the core. 



